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(57) Abstract: The present invention relates to an 
integrated aircraft system which comprises an aircraft 
frame, a nacelle cowl mounted to the aircraft frame, a 
primary gas turbine engine mounted within the nacelle 
cowl, a secondary power system incorporated within 
the nacelle cowl and being driven by a flow of air 
created by or through the engine, and an electrical 
power and cooling unit for supplying electrical power 
and cabin cooling air. The electrical power and cooling 
unit is pneumatically driven by engine bleed air. 
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IMPROVED AIRCRAFT SYSTEM ARCHITECTURE 

BACKGROUND OF THE INVENTION 
The present invention relates to an improved system 
architecture for an aircraft. 

Modern aircraft have very complex systems for delivering 
electrical power to various aircraft components and for 
delivering energy to environmental control systems. These 
systems include shaft and gearbox driven systems that are prone 
to damage through use. As a result, these systems require a 
high level of maintenance and repair. 

There is a need for an overall aircraft architecture which 
simplifies the systems onboard an aircraft and eliminates 
components prone to such damage. 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present invention to 
provide an improved aircraft system architecture. 

It is yet a further object of the present invention to 
provide an aircraft system architecture as above which utilizes 
engine integrated auxiliary power units. 

It is yet a further object of the present invention to 
provide an aircraft system architecture as above which includes 
pneumatically driven electrical power and cooling unit for 
supplying main channel electric power and cabin cooling air. 

The foregoing objects are attained by the aircraft system 
of the present invention. 

In accordance with the present invention, an integrated 
aircraft system comprises an aircraft frame, a nacelle cowl 
mounted to the aircraft frame, a primary gas turbine engine 
mounted within the nacelle cowl, a secondary power system 
incorporated within the nacelle cowl and being driven by a flow 
of air created by or through the engine, an electrical power and 
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cooling unit for supplying electrical power and cabin cooling 
air, and the electrical power and cooling unit being driven by 
engine bleed air. 

Other details of the aircraft system architecture of the 
present invention, as well as other objects and advantages 
attendant thereto are set forth in the following detailed 
description and the accompanying drawings in which like 
reference numerals depict like elements. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a schematic representation of an aircraft; 
Figs. 2A and 2B are schematic representations of a 

pneumatic system in accordance with the present invention; and 
Fig. 3 is a schematic side view of an aircraft power plant 

wherein an auxiliary power unit is mounted in a core compartment 

of a main propulsion engine in accordance with a preferred 

embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT ( S ) 
Referring now to the drawings, Fig. 1 is a schematic 
representation of an aircraft 2 having an airframe or fuselage 4 
and a pair of power plants 10 mounted to the fuselage 4. While 
the power plants 10 have been shown as being mounted to the 
fuselage 4, they could alternatively be mounted beneath the 
wings 6 using any suitable means known in the art. Each of the 
power plants 10 contains a main engine 14. While the aircraft 
has been shown as having two main engines 14, it may have one or 
more than two engines if desired. 

Fig. 3 illustrates an embodiment of a new aircraft power 
plant 10 to be used with the aircraft 2. Each power plant 10 
comprises a nacelle cowl 12 having an inlet end 11 and an 
exhaust nozzle end 13, and a main propulsion engine 14 housed 
within the nacelle cowl 12. An inner core cowl 16 is 
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concentrically mounted within the nacelle cowl 12 about the main 
propulsion engine 14. The inner core cowl 16 and the nacelle 
cowl 12 define therebetween an annular by-pass passage 18. 

The main propulsion engine 14 has a casing assembly 20 
defining an annular core flow passage 22. The casing assembly 
20 defines with the inner core cowl 16 an engine core 
compartment 23 in which various components can be received. 

The main propulsion engine 14 consists of a gas turbine 
engine having a compressor section 24 which typically includes a 
fan 15 and a high pressure compressor (not shown) , a combustion 
section 26 and a turbine section 28, as is well known in the 
art. In operation, the gas turbine engine inducts ambient air 
via the inlet end 11. A portion of the air is diverted into the 
by-pass passage 18 and discharged at the exhaust nozzle 13. 
Before being directed into the by-pass passage 18, the air is 
compressed in the compressor section 24 of the gas turbine 
engine. The other portion of the air, which is drawn into the 
nacelle cowl 12, is caused to flow through the core flow passage 
22. The air flowing through the core flow passage 22 is 
compressed in the compressor section 24 and is then directed to 
the combustion section 26 where it is mixed with fuel and 
ignited. The combustion gases from the combustion section 26 
are then delivered to the turbine section 28 for driving the 
compressors (not shown) of the compressor section 24 and the 
engine accessories (not shown) . The expanded gases from the 
turbine section 28 are discharged through the exhaust nozzle end 
13 with the air emanating from the by-pass passage 18. 

As seen in Fig. 3, a secondary power unit 30 is mounted 
within the engine core compartment 23 instead of being mounted 
to the aircraft tail section as is conventionally done. 
According to the illustrated embodiment, the secondary power 
unit 30 consists of an auxiliary power unit of the type used for 
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starting the main propulsion engine pneumatically while the 
aircraft remains stationary on the ground. 

The secondary power unit 30 includes a secondary gas 
turbine engine 31 having a compressor section 32, a combustion 
section 34, and a turbine section 36. As seen in Fig. 3, a 
radial inlet plenum 38 can be provided for allowing air to be 
drawn from the by-pass passage 18 directly into the gas turbine 
engine 31. The radial inlet plenum 38 could be provided in the 
form of a ring member defining a number of air passages 
extending radially through the engine core compartment 23 to 
convey air from the by-pass passage 18 to the secondary gas 
turbine engine 31. The secondary gas turbine engine 31 includes 
an axial exhaust duct 40 for directing the expanded gases from 
the gas turbine section 36 back into the by-pass passage 18. 

During ground operation, the inlet air is drawn in through 
the stationary fan of the primary gas turbine engine, then 
through the by-pass passage 18 and finally into the secondary 
gas turbine engine 31 before being discharged back into an aft 
portion of the by-pass passage 18. In flight, the secondary gas 
turbine engine inlet flow is boosted by the main propulsion 
engine fan, as it is compressed thereby before entering into the 
secondary gas turbine engine 31. This provides for a better 
secondary gas turbine engine fuel burn when operated at altitude 
and allows relight capability at higher altitude. Aircraft 
pneumatic and electric power demand is typically provided on the 
ground by the secondary power unit 30 and the main engine 14 
during flight conditions. 

By integrating the secondary power unit 30 to the power 
plant 10 and, thus, eliminating the tail cone auxiliary power 
unit installation, significant installation and certification 
cost savings can be achieved for the airframers. This is also 
advantageous in that it eliminates the need for an aircraft fire 
zone and APU containment issues on tail plane, increases the 
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cargo space, reduce pneumatic/hydraulic/fuel lines, and also 
allows for structural cost and weight savings. 

The positioning of the secondary power unit 30 into the 
nacelle cowl 12 also provides for better main engine cold start 
capabilities due to the secondary power unit 30 preheating 
effect of the main engine core compartment 23. Indeed, while 
being operated, the secondary power unit 30 will generate heat 
that will contribute to warm up the various components of the 
main engine 14. 

The re-light characteristics of the secondary power unit 30 
will also be improved in flight due to a combination of some or 
all of the inlet boost and the ram air. 

In a wing mounted application, the integration of the 
secondary power unit 30 with the main propulsion engine 14 into 
a single power plant will eliminate the need for costly 
pneumatic piping. 

Referring now to Figs. 2h and 2B, the pneumatic output of 
the secondary power unit 30 and bleed air from the engine 14 are 
fed to a pneumatically driven electric power and cooling unit 50 
which is used to provide electrical power to the electrical 
systems onboard the aircraft 2 and cooling air to the cabin 
compartment 52 and the flight deck 54. The electric power and 
cooling unit 50 may have any suitable construction known in the 
art . 

In a preferred embodiment, the unit 50 has a single 
rotating shaft 62 which may be journaled on non-oil lubricated 
bearings, such as air bearings or magnetic bearings, or any 
other suitable bearings known in the art. The unit includes a 
power turbine 64 mounted to the shaft 62, and electric generator 
66 mounted to the shaft 62, and a cooling turbine 68 mounted to 
the shaft 62. The unit also includes a fan 70 mounted to the 
shaft 62 and positioned within a ram air duct 72. 
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The power and cooling turbines 64 and 68 respectively in 
each system 50 each receive bleed air from one of the main 
engines 14. Each engine 14 preferably has two bleed ports for 
delivering high temperature, high pressure high stage or mid- 
stage bleed air to delivery line 74. Whether high stage bleed 
air or mid stage bleed air is delivered to the line 74 depends 
on flight conditions. The bleed air in line 74 is delivered to 
precooler heat exchanger 76, preferably mounted in an engine 
nacelle. The precooler heat exchanger 76 receives first stage 
fan air via line 75 to cool the air delivered via line 74. In 
the precooler heat exchanger 7 6, the temperature of the bleed 
air is dropped. 

The cooled bleed air exits the precooler heat exchanger 76 
and passes through a secondary heat exchanger 8 4 where 
additional heat is removed so that the temperature of the bleed 
air is near ambient. The secondary heat exchanger 84 is 
preferably mounted in the ram air duct 72 and uses ram air as 
its cooling air. 

At altitudes above 30,000 feet, the bleed air from the 
secondary heat exchanger is fed to the cooling turbine 68 via 
lines 80 and 82. The bleed air thus delivered drives the 
cooling turbine 68 which in turn drives the shaft 62 and the 
generator 66. If the cooling turbine 68 does not generate 
sufficient power to drive the generator 66, bleed air is also 
fed to the power turbine 64 via line 86. The power turbine 64 
also causes the shaft 62 to rotate and thus drive the generator 
66. Air exiting the power turbine 64 is dumped overboard. Air 
exiting the cooling turbine 68 passes through a condenser 88 
where moisture is removed from the air. From the condenser, the 
cooled dry air is fed to a mix chamber 90 where it mixes with 
air recirculated from the cabin 52. From the mix chamber 90, 
the cooled dry air is introduced into the cabin 52. 
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At altitudes below 30,000 feet, there is a greater need to 
remove moisture from the bleed air. Thus, the bleed air from 
the secondary heat exchanger 84 passes through a loop containing 
reheater 92, the condenser 88, and a water collector 94. After 
passing back through the reheater 92, the dry air is supplied to 
the cooling turbine 68 where energy is extracted to drive the 
shaft 62. From the cooling turbine 68, the air is passed 
through the condenser 88 to the mix chamber 90 and then to the 
cabin 52. 

A line 96 is provided so that fresh pressurized bleed air 
is always provided to the flight deck 54. 

When the aircraft is on the ground, the bleed air necessary 
to the operation of the electric power and cooling unit may be 
supplied from an auxiliary power unit 30. 

The electrical power generated by the electrical power and 
cooling unit 50 may be used to drive all of the electrical 
equipment onboard the airplane. For example, electrical pumps 
may be used in the hydraulic systems 106 and 108 to supply 
hydraulic fluid to operate the spoilers, the ailerons, the 
elevators, the rudders, the thrust reversers, steering 
equipment, and landing gear. Electrical power from the unit 50 
may be supplied to operate the electric hydraulic pumps. 
Electrical power from the unit 50 may also be used to operate 
electrically operated fuel pumps (not shown) which supply fuel 
to the main engines 14 and electrical pumps (not shown) for 
driving lubrication systems on the aircraft. 

Bleed air from the engines 14 may be fed via a line 112 
from a low engine compressor stage to the wings for anti-icing 
purposes. If desired, a high stage bleed of engine air for 
creating makeup heat can be supplied along with the low engine 
stage bleed air to wing anti-icing devices. The wing anti-icing 
devices may comprise any suitable devices known in the art. 
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The architecture of the aircraft system of the present 
invention provides a number of advantages. For example, the 
system provides better cold start capability due to the 
elimination of a gear box and auxiliary power unit preheating of 
the main engine core compartment. Further, the auxiliary power 
unit is more efficient due to an improved ram recovery and/or 
turbocharge. Still further, the auxiliary power unit has better 
relight characteristics due to the turbocharge effect, improved 
ram air, and heat provided by the main engine. If desired, the 
auxiliary power unit may be provided with air bearings. This 
has the advantage of eliminating any need for an oil system or 
for a gearbox. The location of the auxiliary power unit in the 
system of the present invention means reduced ducting losses 
between the auxiliary power unit and the main engine. 

• It is apparent that there has been provided an aircraft 
system which fully satisfies the objects, means, and advantages 
set forth hereinbefore. While the present invention has been 
described in the context of the specific embodiments thereof, 
other variations, alternatives, and modifications will become 
apparent to those skilled in the art having read the foregoing 
description. Therefore, it is intended to embrace those 
variations, alternatives, and modifications which fall within 
the broad scope of the appended claim(s) . 
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WHAT IS CLAIMED IS : 

1. An integrated aircraft system comprising an aircraft frame, 
a nacelle cowl mounted to said aircraft frame, a primary gas 
turbine engine mounted within said nacelle cowl, a secondary 
power system incorporated within said nacelle cowl and being 
driven by a flow of air created by or through said primary gas 
turbine engine, an electrical power and cooling unit for 
supplying electrical power and cabin cooling air, and said 
electrical power and cooling unit being pneumatically driven by 
engine bleed air. 

2. An integrated aircraft system according to claim 1, further 
comprising an inner core cowl and a casing assembly, said casing 
assembly defining an engine core compartment with said inner 
core cowl and said inner core cowl defining an annular by-pass 
passage with said nacelle cowl, and said secondary power system 
being positioned within said engine core compartment. 

3. An integrated aircraft system according to claim 2, wherein 
said secondary power system comprises an auxiliary power unit 
for supplying pneumatic and electrical power to said aircraft 
and for starting said engine. 

4. An integrated aircraft system according to claim 2, wherein 
said secondary power unit includes a secondary gas turbine 
engine. * , * s 

5. An integrated aircraft system according to claim 4, further 
comprising a radial inlet plenum for allowing air to be drawn 
directly into said secondary gas turbine engine. 
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6. An integrated aircraft system according to claim 5, wherein 
said radial inlet plenum is formed by a ring member defining a 
number of air passages extending radially through said engine 
core compartment. 

7. An integrated aircraft system according to claim 4, further 
comprising an axial exhaust duct for directing expanded gases 
from said secondary gas turbine engine into said by-pass 
passage . 

8. An integrated aircraft system according to claim 4, wherein 
said primary gas turbine engine has a fan and during ground 
operation air is drawn in through said fan while said fan is 
stationary, through said by-pass passage, and then into said 
secondary gas turbine engine before being discharged back into 
an aft portion of said by-pass passage. 

9. An integrated aircraft system according to claim 8, wherein 
during flight said fan compresses said air before said air 
enters said secondary gas turbine engine. 

10. An integrated aircraft system according to claim 1, further 
comprising said aircraft having wings and bleed air from said 
primary gas turbine engine being supplied to said wings for 
anti-icing purposes. 

11. An integrated aircraft system according to claim 1, wherein 
said electrical power and cooling unit has a shaft and a power 
turbine, an electrical generator, and a cooling turbine mounted 
on said shaft. 
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12. An integrated aircraft system according to claim 11, 
wherein said power turbine and said cooling turbine are supplied 
with bleed air from said primary gas turbine engine. 

13. An integrated aircraft system according to claim 12, 
wherein said primary gas turbine engine has two bleed ports for 
delivering at least one of high temperature, high pressure high 
stage bleed air and mid-stage bleed air to said electrical power 
and cooling unit. 

14. An integrated aircraft system according to claim 11, 
further comprising a fan positioned within a ram air duct and 
said fan being mounted to said shaft- 

15. An integrated aircraft system according to claim 14, 
further comprising a first heat exchanger means for cooling 
bleed air from said primary gas turbine engine and secondary 
heat exchanger means for removing heat from said bleed air 
exiting said first heat exchanger means. 

16. An integrated aircraft system according to claim 15, 
wherein said secondary heat exchanger means is positioned within 
said ram air duct. 

17. An integrated aircraft system according to claim 15, 
wherein bleed air exiting from said secondary heat exchanger 
means is delivered to said cooling turbine at altitudes above 
30,000 feet and said cooling turbine drives said shaft and said 
generator. 

18. An integrated aircraft system according to claim 17, 
wherein said bleed air is supplied to said power turbine when 
said cooling turbine does not generate sufficient power. 
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19. An integrated aircraft system according to claim 15, 
further comprising means for receiving air exiting from said 
secondary heat exchanger means and for drying said air and means 
for supplying said dried air to said cooling turbine. 

20. An integrated aircraft system according to claim 19, 
further comprising means for delivering air exiting said cooling 
turbine to a mix chamber where said air is mixed with 
recirculated cabin air and means for introducing air from said 
mix chamber to a cabin onboard said aircraft. 

21. An integrated aircraft system according to claim 20, 
further comprising a condenser for removing moisture from said 
air exiting said cooling turbine prior to said air being 
delivered to said mix chamber. 
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